Previously, in studies on the metabolism of estradiol 17-sulfate (ES) by hepatic microsomes from male rats, we found the formation of two metabolites, and identified them as 2-and 4-hydroxyestradiol 17-sulfates (2-and 4-OH-ES, Fig. 1 ) by comparisons with authentic specimens.
derivatives could not be satisfactorily separated by this eluent. However, the use of acetonitrile instead of methanol led us to the expectation of their separation. Therefore, we investigated the effect of the mixing ratio of the two components on the separation.
As a result of several investigations, it became evident that each steroid was effectively separated when the mixing ratio (v/v) of the phosphate buffer solution (pH 3) and acetonitrile was 84/16 at a column temperature of 40˚C. However, there remained a critical problem to be elucidated: (1) Complete separation of all the injected steroids required over 150 min for their elution. ( 2) The range of the capacity factor (k′) was distributed over a wide range (2 -49), as shown in Table 1 .
According to reports by Shimada et al. [6] [7] [8] [9] and Momose et al., 10 some stereoisomers of certain steroids could be successfully separated by HPLC using a mobile phase containing a CD. Therefore, the application of these methods was carried out on our steroids. The effect of the CD on the separation was compared by adding α-, β-, or γ-CD to the phosphate buffer solution (pH 3) at concentrations of up to 0.5%. As a result of these examinations, it became evident that the addition of β-or γ-CD significantly reduced the k′ values of all the steroids tested, whereas no significant effect by α-CD was observed. Thus, the effect of the amounts of β-and γ-CD on the k′ values was examined, the results of which are given in Table 1 .
When β-CD was used, the k′ values of all the tested steroids increased in inverse proportion to their concentrations. The steroids influenced most effectively were ES and 4-OH-ES, whereas few effects were observed in 7α-OH-ES.
No difference in the k′ values for 6α-and 6β-OH-ES was observed by β-CD at any concentration, suggesting the impossibility of their separation. In the case of γ-CD, the k′ values of each steroid decreased in inverse proportion to the amount of γ-CD added, especially for ES, 2-and 4-OH-ES, whereas 7α-OH-ES was not influenced.
From Table 1 , the effect of β-CD on the k′ values is greater than that of γ-CD, except for E3 (the internal standard). This result implies that the positional difference of the hydroxy groups of ES or their configurational difference causes a stability difference in their inclusion compounds with CD. A similar tendency was reported in previous papers. 6, 10 The non effectiveness of α-CD on the k′ values may be explained by the difficulty in the formation of an inclusion compound, due to the small hollow size of α-CD compared to the size of the estrogen molecule, as discussed concerning similar steroids. 7, 8 From these results, especially from Table 1 , γ-CD is considered to be the most effective for the simultaneous separation of all the tested steroids. Thus, the effect of the amount of γ-CD in the mobile phase was examined. In Fig. 2 , the relations between the concentrations of γ-CD in the phosphate buffer solution (pH 3) and the k′ values are plotted, from which all of the steroids can be separated using a buffer solution containing 0.2 -0.25% γ-CD. As a result of these investigations, we determined the best concentration of γ-CD to be 0.2%.
Influence of mobile phase pH and column temperature on the separation
The principle of the present separation method is based on the difference in the minor stability of the clathlate compound of the CD with each acidic steroid. This implies that the separation is influenced by the hydrogen-ion concentration (pH) of the mobile phase and also by the column temperature, which was also examined.
For a pH of up to 6, the k′ values of all the steroids, except for E3, became smaller with increasing pH of the buffer solution, but the k′ values of 6α-and 7β-OH-ES approached each other, and then they almost crossed. However, a decrease in the pH tended to give a better separation profile in all sulfates, and the best condition was obtained at pH 3. The effect of the pH upon the k′ values is considered to be the influence of the esterified sulfuric acid group at the C17 position of the steroids. An example of the effect of the mobile phase pH on the separation of steroids was observed in the case of epimeric estriol glucuronides.
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As for the influence of the column temperature, the k′ values of all the steroids decreased along with a rise in the temperature, but the k′ values of 6β-and 7β-OH-ES gradually decreased and approached each other. From the examinations carried out at 35 -45˚C, the best column temperature was determined to be 40˚C. These results imply that a subtle difference in the steric environment around each alcoholic hydroxy group of the steroids produced the difference in the stability of their inclusion compounds.
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Conclusion
We have established simultaneous HPLC separation conditions for the analysis of potential monohydroxylated metabolites of ES by female rat liver microsomes using a stationary phase packed with an ODS-type filler maintained at 40˚C and a mobile phase composed of phosphate buffer solution (pH 3) containing 0.2% γ-CD and acetonitrile (84:16, v/v) at an appropriate flow rate. The representative HPLC chromatograms obtained using authentic sulfates are shown in Fig. 3 , where the resolution of even the worst separation case in 7β-OH-ES and 6α-OH-ES (peak 2 and peak 3, respectively) was 1.8, which essentially means a good separation. Previously, in metabolic studies of ES by female rat liver microsomes, we selected an indirect method (acid-catalyzed solvolysis) and not the direct method for identifying the metabolites by HPLC.
This was because no authentic monohydroxylated metabolites of ES were available, except for 2-and 4-OH-ES. 2 This solvolysis method, however, has a critical weak point in that generally 6-hydroxyestrogens are easy to decompose under acidic conditions to several artifacts. 12 The results obtained by this method, therefore, should lack reliability. The present HPLC method allowed us to directly identify the ES metabolites, and to promote the enzymology for the hydroxylations of ES. Table 1 . Each curve was obtained from exponential or logarithmic equation fits of five points. 
